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Objective: This study assessed the in vivo bond failure of the single component orthodontic self-etching primer system, Ideal 1

(GAC Orthodontic Products) and compared it with the conventional acid etching using a conventional 37% o-phosphoric acid,

rinsing and drying regimen when bonding stainless steel orthodontic brackets to enamel.

Design: Prospective randomized, controlled clinical trial.

Setting: Orthodontic Department, Bristol Dental School.

Material and methods: Twenty consecutive patients undergoing upper and lower fixed orthodontic treatment entered this

cross-mouth control study. Diagonally opposite quadrants were randomly allocated to either the self-etching primer group or

the conventional etching group. A total of 339 teeth were bonded with Ideal 1 light-cured adhesive. Bond failures and locus of

bond failure were then recorded at 1, 6 and 12 months.

Results: Significantly more bond failures occurred at each of the 3 time intervals, 1, 6 and 12 months, where the enamel was

pretreated with the Ideal I self-etching primer, than when the enamel was treated with the conventional etchant, 37%

o-phosphoric acid. With the latter the cumulative bond failure rates were 3.0, 5.3 and 14.8%, respectively. With the self-etching

primer the cumulative failure rates were 29.4, 56.5 and 72.4%.

Conclusion: The study found that enamel pre-treatment with the Ideal 1 self-etching primer system prior to orthodontic

bonding results in an unacceptably high bond failure rate when compared with conventional enamel acid etching.
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Introduction

In order to bond orthodontic brackets to enamel and

achieve an optimal bond, it is generally acknowledged

that the enamel should be etched for 15–30 seconds with

37% o-phosphoric acid, followed by rinsing with copious

amounts of water and air dried until frosty white in

appearance.1–3 This process consists of a number of

time-consuming steps, namely etching, rinsing, priming,

and then adhesive and bracket placement, and in recent

years there has been a move to try to simplify this

process. The introduction of self-etching primers for

orthodontic use has been seen as a means of doing just

this, creating a reliable enamel bond whilst streamlining

the bonding process. Self-etching primers contain a

methacrylated phosphoric acid ester active component

that etches and primes simultaneously. Unlike conven-

tional acid etch methods, the self-etch primer is not

rinsed away after application; the calcium dissolved

from the hydroxyapatite forms a complex with the
phosphate group and this is then incorporated into

the resin network when the primer is polymerized. The

obvious potential advantages of such primers include

improved patient comfort, as there is no need to rinse, a

reduction in chairside time and, therefore, improved

cost-effectiveness. However, to be considered truly
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cost-effective not only must these self-etching primers

reduce the number of procedural steps and be easy to
use, but they must also produce a reliable clinical bond

for the duration of treatment and then leave the enamel

unblemished at the end of treatment when the appliance

is removed.

Many researchers have conducted in vitro studies to
investigate bond strengths of self-etching primers.

Initially, products that were designed for restorative

use were tested for possible orthodontic use. However,

even between similarly designed studies and sometimes

involving the same authors, there appeared to be no

consensus view concerning the observed shear bond

strength and, therefore, usefulness in orthodontic

bonding.4–7 In addition, following concerns about
enamel fractures at debond, the manufacturers of the

restorative self-etching primer Prompt-L-Pop (3M

ESPE) advised against using this product for orthodon-

tic bonding. This product was subsequently modified for

orthodontic bonding and is marketed as Transbond

PlusTM self-etching primer (3M/Unitek, Dental

Products Division, Monrovia, CA, USA). This self-

etching primer, like most of the self-etching primers on
sale, is a 2-component system that requires mixing

prior to use. In vitro experiments using this and other

self-etching primers have yielded encouraging results,

suggesting that their bond strength is comparable if not

higher than that observed following the use of a

conventional 37% orthophosphoric acid etch.8–11

Although there are many laboratory studies indicating

that brackets can be successfully bonded with self-

etching primers, there are few published clinical studies.

Prospective clinical trials by Asgari et al.12 and Ireland

et al.13 evaluated the bond failure rates using Transbond

PlusTM self-etching primer over a 6-month period.
Asgari et al.12 concluded that bracket retention using

this self-etching primer was superior to that seen

following traditional acid etching, whereas Ireland

et al.13 reported a bond failure rate of 10.9% following

use of the self etching primer, compared with a failure

rate of only 4.95% for the control of conventional acid

etching.

In an attempt to further simplify the bonding process

a 1-component no-mix self-etching primer has been

developed where no pre-mixing is required prior to its

use. This single component self-etching primer is mar-

keted as part of a complete kit of etchant and adhesive
by GAC International, and is known as the Ideal 1

adhesive system (GAC International Inc., Bohemia,

NY, USA). The Ideal 1 adhesive within the kit is

a conventional filled diacrylate composite resin. To

date, no in vivo investigations have been published

assessing the clinical performance of this single

component self-etching primer system. However, an

in vitro study comparing the shear bond strength of the

Ideal 1 system with a 2-component self-etching primer

system found that both systems produced similar bond

strengths.14 The results of a further in vitro study15

performed by the authors of the present in vivo

investigation also observed that the force to debond

following the use of the Ideal 1 self-etching primer was

comparable with that of the conventional etch and rinse

control. However, as always, caution should be exer-

cised when extrapolating the results of in vitro studies to

the clinical situation.

Therefore, the aim of this study was to investigate the

in vivo bond failure rates of the single component

orthodontic self-etching primer system, Ideal 1 (GAC

Orthodontic Products) and to compare it with the

conventional acid etching, rinsing and drying regimen.

In both cases, the brackets used were stainless steel

orthodontic brackets and the adhesive was Ideal 1 filled

diacrylate adhesive (GAC Orthodontic Products).

The following null hypotheses were tested:

1. There is no significant difference in the in service

bond failure rates between the Ideal 1 self-etching

primer system and that based on conventional acid

etching.

2. Treatment time has no significant effect on observed

bond failure rates of the 2 enamel preparation

methods under test.

3. There is no significant difference in the locus of bond

failure between the 2 enamel preparation methods

tested.

Material andmethods

Thirty consecutive patients attending the Orthodontic

Department, Bristol Dental School, UK, and receiving

upper and lower fixed appliances, were to be enrolled in

the study for a period of 1 year to fit in with the

operator’s orthodontic training schedule. A power

calculation had determined that 30 patients (15 non-

extraction patients with 20 orthodontic brackets each

and 15 four premolar extraction cases with 16 ortho-

dontic brackets each) would be required to give a power

of 0.9 at a significance level of 0.05, assuming failure

proportions of 5% and 13%, which was deemed a

clinically significant difference.13,16,17 A split mouth

study design was used and the power calculation was

base on truly independent samples (i.e. individual teeth

rather than patients). A limitation of the design however

is that the individual teeth are not truly independent, as

they will all be linked together by the archwire and
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failure of 1 bracket may influence the likelihood of

failure of adjacent brackets. However, a cross-mouth

study allows for a self-control model. Subjects were

eligible for inclusion in the study if they satisfied the

following selection criteria: patients receiving only metal
brackets on upper and lower arches, bands to be placed

on molar teeth only, no restorations that would preclude

bonding to enamel. Local research ethics committee

approval was sought and obtained prior to commencing

recruitment of patients into the study (Central and

South Bristol Local Research Ethics Committee, Project

number E5506). All subjects who were eligible for

inclusion were provided with information leaflets
describing the purpose of the trial and were given the

opportunity to ask the researcher questions. Interested

patients gave their written consent to their participation

in the study. Fortunately, 100% of the patients eligible

for inclusion agreed to participate.

Patients were treated by 1 operator (KH) at the

University of Bristol Dental School and acted as their

own controls, the split mouth technique being used. The

bonding protocol for each patient followed a contral-
ateral pattern to eliminate operator bias. One quadrant

was randomly selected to receive the self-etching primer

and adhesive system (Ideal 1—GAC International),

together with the contralateral quadrant in the opposing

arch. The teeth in the other 2 quadrants were treated

with 37% orthophosphoric acid etchant and brackets

bonded with the same Ideal 1 adhesive. Patients were

not informed as to which were the experimental and
control quadrants, and randomization was achieved by

using random numbers from a random number table

and a system of sealed envelopes.

All teeth in both the experimental and control

quadrants were pumiced for 5–10 seconds per tooth

with pumice in water slurry, using a rubber cup and a

slow speed hand piece. The teeth were then rinsed with

water, dried with oil-free compressed air and isolated

with retractors. Each quadrant was bonded and cured
individually, beginning with the experimental quad-

rants. In these quadrants the operator applied the self-

etching primer to the surface of each tooth by rubbing

the primer gently on the enamel surface using the

microbrush supplied, and for 20 seconds per tooth in

accordance with the manufacturer’s instructions. A

gentle blast of air was then applied to each tooth in

that quadrant, for 5 seconds per tooth in an occlusal
direction to thin the material. Ideal 1 adhesive was then

applied to the bracket base (Omni 0.022-inch meshed

based stainless steel brackets, GAC International Inc.,

Bohemia, NY, USA), the bracket was placed firmly on

the tooth using a Mitchell’s trimmer and the excess

adhesive removed from around the periphery using a

probe. The adhesive was then light cured, from posterior

to the anterior, for 20 seconds per tooth (10 seconds per

interspace) using a halogen-curing lamp (Ortholux, 3M

Unitek). The lamp was checked prior to use on each

patient using the inbuilt light meter.

The control quadrants were etched with 37% ortho-

phosphoric acid for 15 seconds each, rinsed with

copious amounts of water and the enamel was then air

dried until frosty white in appearance. Once again, Ideal

1 adhesive was applied to the bracket base (Omni

0.022-inch, GAC International Inc., Bohemia, NY,

USA), the bracket placed firmly on the tooth, and the
excess removed and light curing was performed as for

the experimental quadrants. However, in order to ensure

the previously bonded brackets were not exposed to

further light during curing of the control quadrants, a

sheet of rubber dam was placed carefully over the

previously bonded brackets in the adjacent and oppos-

ing quadrants. Once the brackets had been bonded to

the teeth, elastomeric separators were placed at the first
molar teeth.

One week after bond placement and separation the

patients returned for band and archwire placement.

0.010-inch ‘stainless steel lacebacks were placed in all 4

quadrants and 0.012-inch superelastic nickel titanium
archwires were then placed and tied-in with elastomeric

modules. At subsequent appointments, the archwire

sequence for all patients was 0.016-inch superelastic

nickel titanium followed by the archwires that were

deemed to be appropriate for each individual case. The

lacebacks remained in place and were gently retightened

to remove any slack at each visit, although they were

still passive.

Any brackets that did fail during treatment were

rebonded, but using conventional acid etching of the

enamel and these teeth were subsequently excluded from

the trial. In addition, brackets that were electively

debonded for repositioning during treatment to improve
bond position were also excluded from the study and

any subsequent data analysis. Any adhesive remaining

on the enamel surface at bond failure was assessed and

scored according to the Adhesive Remnant Index (ARI)

as follows:18

Score 0: no adhesive left on the tooth.

Score 1: less than half of the adhesive left on the

tooth.

Score 2: more than half of the adhesive left on the

tooth.

Score 3: all the adhesive left on the tooth, with a

distinct impression of the bracket mesh.

Data on bond failure were collected at 1 and 6 months

and 1 year after placement.
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Results

No patients were lost to follow-up during this trial.

However, due to the large number of bond failures

noticed early on in the study, patient recruitment was

stopped prematurely and in total only 20 patients, rather

than the planned 30 patients were recruited into the

study. A CONSORT diagram showing the flow of

patients through each stage of the trial is shown as

Figure 1. Previous work has shown bond failure rates of

up to 19.5%19 may be observed with new orthodontists

in training. When it was apparent that the bond failure

rate in the experimental group at 6 months was 56.5%, a

decision was made to cease further recruitment. It would

have been unethical to continue the trial when it was

evident that the Ideal self-etching primer being trialled

had such a high failure rate.

Data was analysed using Stata 9.1 (Stata Corp.

College Station, Texas, USA) with a predetermined

significance of a50.05. The distribution of failure as a

function of treatment, namely Ideal 1 self-etching

primer/Ideal 1 adhesive or conventional etching/Ideal 1

adhesive, with time is shown in Table 1. It can be seen

that at the 1, 6 and 12 month time periods the
cumulative bond failure rates in the control, conven-

tional etch, group were 3.0, 5.3 and 14.8%, whilst in the

self-etching primer group the values were 29.4, 56.5 and

72.4%, respectively. There was therefore a clinically

significant difference between the 2 groups and over all

three time periods.

Figure 1 CONSORT flow diagram showing progress of subjects through trial
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The data was analysed in terms of the odds ratio (OR)

and 95% confidence intervals of self-etching primer

specimens failing relative to the conventional acid etch

control (Table 2). An OR of 1 would signify no

difference between the groups. At each of the three

time periods, the OR is much greater than 1, indicating a

significant difference between the failure rates of the 2

treatment groups. The test of homogeneity indicated

that there was no significant difference between the OR

for the three time periods, the differences being

attributed to chance. As a consequence it is possible to

calculate a common OR using the Mantel–Haenszel

method.20 This common OR is also high, again

indicating a significant difference between the 2 main

treatment groups of self-etching primer and conven-

tional acid etch control.

A Kruskal–Wallis one-way analysis of variance was

performed to determine the effect of enamel pre-

treatment, namely self-etching primer versus conven-

tional etching, on the Adhesive Remnant Index (ARI)

scores of the brackets that failed during treatment.

Unfortunately, at the time of rebond, the operator did

not record the ARI scores of 9 brackets from the

experimental group and one from the control group.

From the observed and recorded data the Kruskal–

Wallis one-way analysis of variance appears to demon-

strate a significant difference in the ARI scores between

the 2 treatment groups (self-etching primer n5114,

conventional etch n524, p50.03). This difference is

illustrated in Figure 2, where it can be seen that, in both

groups, the principal mode of failure was at the enamel

surface (score 0), although in the conventional etch

group there was also a more mixed mode failure, with

ARI scores of both 2 and 3.

Discussion

From the results of this study, it is apparent that the use

of the single component self-etching primer under test

leads to unacceptably high bond failure rates of up to

72.4%. This compares with a maximum of 14.8% over

the whole 12 month study period for conventional acid

etching. There was no significant effect of time. There

were some observed differences in the locus of bond

failure, with there being more adhesive remaining on the

enamel surface following the use of conventional etching

than with the self-etching primer.

Although a cross-mouth controlled trial has limita-

tions with respect to independence of the samples, i.e.

individual teeth, this model does have the advantage of

providing a self-control. The effect of the treatments in

this case were largely confined to each of the defined

quadrants of the mouth. In addition, the numbers of

variables were carefully controlled in an attempt to

compare only the enamel pre-treatments, Ideal 1 self-

etching primer and the conventional acid etch regimen.

This includes the use of only 1 operator. Previously

Figure 2 ARI scores for the Ideal 1 self-etching primer and

Ideal 1 adhesive group (SEP), and the conventional etch and Ideal

1 adhesive groups (control)

Table 1 Distribution of failure as a function of treatment and time

Initial bonds Cumulative number of bonds failing

Treatment 1 month 6 months 12 months

Self-etching primer 170 50 (29.4%) 96 (56.5%) 123 (72.4%)

Conventional etch 169 5 (3.0%) 9 (5.3%) 25 (14.8%)

Table 2 Odds ratio (OR) and 95% confidence interval of failure of

self-etching primer relative to conventional etch, and the Mantel-

Haenszel combined OR

Time OR 95% Cl

1 month 13.7 4.9 to 37.8

6 months 23.1 9.5 to 55.9

12 months 15.1 7.7 to 29.3

Common OR 16.9 10.6 to 27.1

Test of homogeneity of OR: x250.76, p50.68
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reported trials involving different self-etching primers

have used multiple operators increasing the chance of

experimental bias. Although the operator was at the

very beginning of her postgraduate training in ortho-

dontics, the observed bond failure rates were actually

lower for the conventional acid etch group, when

compared with the previous reports of bond failure

rates of up to 19.5% for operators at the equivalent stage

of training.19

A large number of in vitro studies investigating the

bond strengths of self-etching primers have produced

encouraging results that are comparable with those seen

following conventional etching.4–9 However, few studies

have investigated the clinical efficiency of self-etching

primers for orthodontic bonding and none to date have

investigated the use of a single component self-etching

primer in the clinical situation. This study was designed

to assess the clinical performance of such a product over

a 12 month period. However, the results were surprising

and very disappointing, given the encouraging results

displayed by previous in vitro studies using the same self-

etching primer.14,15 In retrospect, it would also be

appropriate in future studies to define in advance what

failure rate is unacceptable so that clear criteria exist

that specify when recruitment should be terminated

(rapidly if necessary).

Analysis of the ARI scores using the Kruskal–Wallis

one-way analysis of variance (Figure 2) showed that the

locus of bond failure was significantly different (p50.03)

between the control conventional etch group and the

experimental Ideal 1 self-etching primer group.

However, in both groups the mode of failure was

principally adhesive at the enamel/resin interface,

although more resin remained on the enamel surface

in the conventional acid etch group. This tendency for

the locus of bond failure to predominate at the enamel

adhesive interface when using self-etching primers is

in agreement with laboratory studies into their

use.4,6,10,21,22 However, locus of bond failure has not

previously been reported in a clinical trial of self-etching

primers.

The results of this randomized clinical trial necessitate

that the null hypotheses of no difference between the 2

enamel pre-treatment regimens should be rejected. The

reason for the poor clinical performance of this single

component self-etching primer in comparison with other

clinical trials where Transbond PlusTM SEP was tested is

unclear. However, the locus of bond failure being

predominately at the enamel-adhesive interface may be

indicative of a less than optimal enamel adhesive bond.

When deciding on which bonding system to use, ease

of application and reduction in application time can

only confer a true advantage if a reliable bond to enamel

is also achieved. With a cumulative bond failure rate

over 12 months as high as 72.4%, the Ideal 1 self-etching

primer obviously does not meet the latter requirement.

Much of the current work on self-etching primers has

been in vitro in nature and, although laboratory tests are

an important stepping stone in the development of a

product, they can never truly replicate the oral environ-

ment and, as such, act as a definitive test of clinical

effectiveness. The conflicting results of this clinical trial

and the previously conducted in vitro studies,14,15 using

the same materials, are an example of this problem.

Therefore, despite previously encouraging laboratory

findings, based on the results of this clinical trial the

authors cannot recommend Ideal 1 self-etching primer

system for clinical use, due to the unacceptably high

level of in-service bond failures.

Conclusions

The results of this in vivo, randomized, cross-mouth

clinical trial suggest that enamel pre-treatment with the

Ideal 1 self-etching primer system results in an

unacceptably high bond failure rate when compared

with conventional enamel acid etching and, as such, it

cannot be recommended for clinical use.
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